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Research questions 
1)  How do beginning chemistry teachers 
conceptualize and enact the triplet relationship 
for atomic structure during their first three years?  
2)  Why do these representations change over 
time? 
PCK	  is	  the	  most	  useful	  forms	  of	  
representa3on	  of	  those	  ideas,	  
the	  most	  powerful	  analogies,	  
illustra3ons,	  examples,	  
explana3ons,	  and	  
demonstra3ons…	  (Shulman,	  1986,	  1987)	  
in	  a	  word,	  the	  ways	  of	  
represen3ng	  and	  formula3ng	  
the	  subject	  that	  make	  it	  
comprehensible	  to	  others…	  	  
(Shulman	  1986,	  1987) 
Macro 
Submicro Symbolic 
(Johnstone, 1982, 1991)	

Triplet Relationship	

Triplet Relationship 
Real   
¡ macro level 
(observable properties 
of matter)  
Abstract 
¡  the submicro level 
(atoms, molecules, 
ions: the explanation 
for the observable), 
¡ and the symbolic level 
(symbols, 
mathematical 
equations, and 
models 
 
 The relationship between the three levels of chemical representations and 
real and represented chemical data (B. Davidowitz and G. Chittleborough, 
2009, “Linking the macroscopic and the sub-microscopic levels,” p. 172. 	

PCK 
Knowledge of Student 
Learning in Science 
Prior Knowledge Variations in students’ approaches to learning 
Students’ 
Difficulties 
Knowledge of 
Instructional 
Strategies 
Representations 
Macro Submicro Symbolic 
(Magnusson, Krajcik, & Borko, 1999)	

(Johnstone, 1982, 1991)	

Conceptual framework	

Friedrichsen et al., 2009	
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CONCEPTUAL FRAMEWORK 
Novice Chemistry Teachers 
¡  Focus on factual 
knowledge when eliciting 
prior knowledge 
(Friedrichsen et al., 2009) 
¡  Limited methods for 
capturing student 
understanding  
¡  Believe that students’ either 
don’t have prior knowledge 
or it was obtained from 
previous courses (Otero & 
Nathan, 2008) 
¡  Utilize few representations 
to present the content 
(Loughran et al., 2008) 
¡  Believe students won’t have 
difficulty answering 
questions and learning 
concepts (De Jong & Van 
Driel, 2002) 
¡  Are not likely to adapt 
lessons to address student 
misconceptions (Meyer, 
2004) 
 
 
 
 
 
 
 
8 Beginning Secondary 
Chemistry Teachers 
(NSF grants 0550847 & 
0918697)    
 
 
 
 
 
 
 
 
Chemistry or Chemical 
Engineering degree; 
1 Minor chemistry; 
6 with MEd 
 
 
 
 
 
 
 
2 from Southwest 
6 from Midwest 
 
 
 
 
 
 
 
7 Teach in Public; 
1 Private 
 
 
 
 
 
 
 
7 High SES; 
1 Middle SES 
 
 
 
 
 
 
 
4 Females; 
4 Males 
Interview Name Collected Year Data Source 
Y0 Pre year 1 Summer  
2005 
PCK 
 During year 1 September-May 
2005-2006 
MI, OBS, 
Artifacts 
Y1 Post year 1 Summer  
2006 
PCK 
 During year 2 September-May 
2006-2007 
MI, OBS, 
Artifacts 
Y2 Post year 2 Summer  
2007 
PCK 
 During year 3 September-May 
2007-2008 
MI, OBS, 
Artifacts 
Y3 Post year 3 Summer  
2008 
PCK 
 Post year 6 April-July  
2011 
ATSI 
 
Triplet scoring rubric 
“What do these numbers mean? 
versus… 
You can put your 2 here and a 3 
here”(Edith, PCK Y1, 2006). 
Triplet scoring rubric 
“What do these numbers mean? 
versus… 
You can put your 2 here and a 3 
here”(Edith, PCK Y1, 2006). 
Triplet scoring rubric 
“What do these numbers mean? 
versus… 
You can put your 2 here and a 3 
here”(Edith, PCK Y1, 2006). 
2-Phase Embedded Design 
(Creswell & Plano Clark, 2007)	

Change in Instructional Strategies 
For Atomic Structure	

Instructional 
Strategies	

Year 1	

(n = 15)	

Year 2	

(n = 17)	

Year 3	

(n = 18)	

Lecture, worksheets, 
examples & 
bookwork	

10	
 8	
 9	

Lab & Demos	
 3	
 4	
 5	

Analogies & 
Simulations	
 2	
 3	
 2	

Video	
 0	
 2	
 2	


Analogies	

Triplet by Year  
(n = 5)	

 Prior 
Knowledge 
Students’ 
Difficulties 
Variations to 
Learning 
Other 
Year 1 
 
   Pam, Patrick 
Year 2 Chris, Keith, 
Pam 
Chris, Keith, 
Patrick 
Keith, Patrick, 
Pam 
Chris, Patrick 
Year 3 
 
Pam, Keith 
Patrick 
Chris, Patrick, 
Pam 
Pam, Patrick  
 
I was completely going off 
what the other teachers 
were doing. 	

(Patrick ATSI, 2011)	

  
I edited the activities from my co-
workers and online materials to fit 
my classroom. 	

(Pam ATSI, May, 2011)	

Prior Knowledge	

1	

I considered that they did not 
have much prior knowledge on 
this	

(Chris Y2 PCK, 2007)	

Draw a 
picture of… 
atomic 
structure	

(Pam Y3 PCK, 2008) 	

I switched the order… 	

I was trying to find a way to help 
them learn the content. 	

(Patrick ATSI, 2011)	

Variations to students’ 	

approaches to learning	

2	

I tried to provide students 
with more tangible activities 
and more visual aids to 
connect learning 	

(Patrick ATSI, 2011)	

I try to hit multiple styles by 
the end of the hour 	

(Pam ATSI, May, 2011 	

Student Difficulties	

3	

I do this because they don’t understand why d and f [orbitals] lag 
behind 	

(Chris ATSI, 2011)	

I quit using it because so many of them were walking away confused 
by the activity 	

(Keith ATSI, 2011)	

Over time… 
Developed a more 
sophisticated repertoire 
¡  Diversify the instructional 
strategies for teaching atomic 
structure; 
¡  Teachers increase macro 
experiences (labs & demos); 
¡  Rely less on lectures, 
worksheets and book work; 
¡  Adapt lessons, but it is done 
as a response to the previous 
group of students’ 
experiences; 
Began to recognize and 
modify instruction based on 
students’ learning needs 
¡  2nd & 3rd year make 
decisions based on 
students’ understandings 
¡  Difficulties with aspects of 
the triplet relationship; 
¡  Some modifications are 
improving Submicro-
Symbolic represenations 
others engage students in 
Macro-Submicro 
representations 
Implications 
¡  Important to construct a 
beginning repertoire on a 
given topic  
¡  Teachers need to be made 
aware of the impact of the 
triplet relationship on 
student understanding 
¡  Professional development 
on topic specific instruction 
in relation to the triplet 
relationship 
¡  Triplet relationship is good 
for focusing upon the 
structure of the content; 
Need to build a model to 
make connections 
between the content 
structures to some 
overarching theme 
¡  For example: Mahaffy 
(2006) tetrahedral model 
